
TITLE OF THE INVENTION 

Self-Pulsation Type Semiconductor Laser 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to semiconductor lasers, and more 

particularly to a low-noise, self -pulsation type semiconductor laser suitable 
as a light source for recording and reproducing information on an optical 
disk or the like. 

Description of the Background Art 

10 In the case that a semiconductor laser for lasing in a uniaxial mode 

receives laser light feedback reflected from an optical disk surface, the 
lasing state of the semiconductor laser changes unstably due to the 
interference with the optical feedback, thereby causing noise. Such noise is 
called optical feedback noise, which becomes a major obstacle to using the 

15 semiconductor laser as a light source of an optical pick-up for reproducing 
information on an optical disk or the like. 

Conventionally, in order to reduce the optical feedback noise, a high 
frequency voltage has been superposed on a driving voltage of the 
semiconductor laser to lower the coherence of the laser light. However, this 

20 method requires an external circuit for the superposition of e high frequency 
voltage, so that costs and sizes of optical pick-up parts are increased and 
further the circuit is liable to emit undesirable electromagnetic waves. 

In a self -pulsation type semiconductor laser provided with a 
saturable absorption region in an optical waveguide, on the other hand, the 

25 saturable absorption region functions to cause self -pulsation of the lasing 
intensity within a frequency range from some hundred megahertz to some 
gigahertz, so that the coherence of the laser light can be lowered. Further, 
the superposition of high frequency voltage is unnecessary in the self- 
pulsation type semiconductor laser and thus an external circuit therefor can 

30 be eliminated. As such, it becomes possible to produce compact pick-up 
parts not emitting electromagnetic waves. 

Fig. 1 1 shows a self-pulsation type semiconductor laser of a first 
conventional example in a schematic cross section. Here, an AlGalnP- 
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based semiconductor laser is shown as an example of the self -pulsation type 
semiconductor laser for emitting light of red color. 

The semiconductor laser of Fig. 1 1 is provided with an n type GaAs 
substrate 1 and a semiconductor stacked-layered structure epitaxially 
5 grown thereon. Specifically, the semiconductor stacked-layered structure 
has an n type AlGalnP first clad layer 2, a GalnP active layer 3 and a p type 
AlGalnP second clad layer 4 which are successively stacked on the substrate. 
Second clad layer 4 has a striped ridge portion, with both sides of the ridge 
portion (i.e., non-ridge portions) being thinner than the ridge portion. A p 

10 type GalnP intermediate layer 5 and a p type GaAs contact layer 6 are 
formed on the ridge portion of second clad layer 4. An n type GaAs 
embedding layer 9 is formed on either side of the striped ridge portion. 
Light confinement in a horizontal direction is achieved by an effective 
refractive index difference An generated between the ridge portion and the 

15 non-ridge portion. A p-side electrode 10 is provided on the upper surface of 
the semiconductor stacked-layered structure, and an n-side electrode 1 1 is 
provided on the backside of substrate 1. 

In the self -pulsation type semiconductor laser of the first 
conventional example, the light confinement in the horizontal direction 

20 parallel to active layer 3 is weaken by designing effective refractive index 

difference An to be small, so that the light intensity within the active layer is 
increased in the side regions corresponding to both sides of the stripe. The 
side regions can serve as the saturable absorption regions to realize the 
self-pulsation. 

25 In the structure of the first conventional example, which is 

commonly used in a self -pulsation type semiconductor laser, the regions of 
the active layer corresponding to the both sides of the stripe are used as the 
saturable absorption regions. Thus, it is necessary to increase the light 
intensity in the regions, and the light confinement in a direction 

30 perpendicular to the active layer also needs to be set high. As a result, the 
divergent angle of the emitted light increases in the direction perpendicular 
to the active layer and thus the ellipticity of the beam cross section also 
increases. Further, the light intensity at the end face of the active layer 
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increases, thereby lowering the COD (catastrophic optical damage) level. 

To solve the foregoing problems, the present inventors have provided 
a self-pulsation type semiconductor laser in which it is unnecessary to 
increase the light confinement in the stacked-layered direction 
perpendicular to the active layer and then the ellipticity of the beam cross 
section is small, by incorporating a saturable absorption region in the 
embedding layer of the first conventional example (see Japanese Patent 
Laying-Open No. 9-181389). This self -pulsation type semiconductor laser 
is shown as a second conventional example in Fig. 12 in a schematic cross 
section. 

The semiconductor laser shown in Fig. 12 is provided with an n type 
GaAs substrate 1, and a semiconductor stacked-layered structure grown 
thereon. The semiconductor stacked-layered structure includes an n type 
(Alo.65Gao.35) InP first clad layer 2, a GalnP active layer 3 and a p type 
(Alo.65Gao.35) InP second clad layer 4, which are stacked successively on the 
substrate. Second clad layer 4 has a striped ridge portion 4a, and regions 
(non-ridge portions) 4b on both sides of the ridge portion are thinner than 
the ridge portion. A p type GalnP intermediate layer 5 and a p type GaAs 
contact layer 6 are formed on the ridge portion of second clad layer 4. An n 
type Alo.6Gao.4As layer 8d, an n type GaAs saturable absorption region 7, an 
n type Alo.6Gao.4As layer 8d, and an n type GaAs embedding layer 9 are 
formed on either side of the striped ridge portion. A p-side electrode 10 is 
provided on the upper surface of the semiconductor stacked-layered 
structure, and an n-side electrode 11 is provided on the backside'of substrate 
1. 

In the semiconductor laser of the second conventional example, 
carriers generated by absorption of laser light are accumulated in the 
saturable absorption region formed in the embedding layer thereby causing 
saturation of light absorption, so that the self -pulsation is achieved similarly 
as in the first conventional example. In the first conventional example, the 
active layer regions on both sides of the ridge can serve as the saturable 
absorption layers. However, electric current spreads in a lateral direction 
from the ridge, so that the carriers are introduced also into the active layer 



regions on both sides of the ridge. Thus, the change in absorbable light 
amount attributable to carriers generated by absorption of laser light is 
small. In the second conventional example, on the other hand, the 
saturable absorption layer is formed in the embedding layer where the 
current does not flow. Thus, the carriers do not exist in the saturable 
absorption layer during the state in absence of lasing. Accordingly, the 
absorbable light amount greatly changes depending on carriers generated 
by absorption of laser light. Further, in the second conventional example, 
since the excited carriers are generated in regions far away from the restart 
planes of crystal growth after formation of the ridge, trapping of the carriers 
is unlikely to occur at non-radiative centers in the vicinity of the restart 
planes of crystal growth, and thus the saturable absorption layer can 
function effectively. 

In the second conventional example, although the light intensity in 
the saturable absorption region needs to be increased to cause self-pulsation, 
it is unnecessary to thicken the active layer for that purpose. Thus, it is 
possible to provide a self-pulsation type semiconductor laser having a small 
ellipticity of the beam cross section. 

However, with the above-described self-pulsation type 
semiconductor laser having the saturable absorption region formed in the 
embedding layer, the self -pulsation stops at a high temperature of more 
than 70°C or with an optical output of more than 6 mW. 
SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to 
provide a self -pulsation type semiconductor laser that can operate at a high 
temperature with a high output. 

A self -pulsation type semiconductor laser according to the present 
invention includes a first clad layer of a first conductivity type, an active 
layer, and a second clad layer of a second conductivity type having a striped 
ridge portion, which are successively stacked on a semiconductor substrate 
of the first conductivity type. In an embedding layer formed on either side 
surface of the ridge portion and on either flat portion other than the ridge 
portion of the second clad layer, a saturable absorption layer is provided on a 



material layer having a refractive index equal to or greater than that of the 
second clad layer and not absorbing laser light. 

» 

In other words, in order to increase light intensity in the saturable 
absorption layer within the embedding layer, a layer having the refractive 
5 index equal to or greater than that of the clad layer in the ridge is provided 
as a lower or upper layer neighboring the saturable absorption layer, to 
make light easier to spread to the saturable absorption region. 

In the self -pulsation type semiconductor laser of the present 
invention, distribution of the refractive index is preferably made 
10 asymmetrical in a stacking direction of the layers with respect to the active 
layer, to make the light more likely to spread toward the ridge. 

According to the present invention as described above, the light 
intensity in the saturable absorption layer within the embedding layer can 
be increased as compared to the self -pulsation type semiconductor laser of 
15 the second conventional example. Thus, it is possible to provide a self- 
pulsation type semiconductor laser capable of operating at a higher 
temperature with a higher output. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
20 description of the present invention when taken in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross sectional view of a self -pulsation type 
semiconductor laser according to a first embodiment of the present 
25 invention. 

Figs. 2A-2C are schematic cross sectional views illustrating a 
method for forming the self -pulsation type semiconductor laser of Fig. 1. 

Fig. 3 is a graph showing the relation between the Al composition 
ratio of the AlGalnP layer and the maximum temperature where self- 
30 pulsation is achieved in the self -pulsation type semiconductor laser of Fig. 1. 

Fig. 4 is a graph showing the relation between the thickness of the 
AlGalnP layer and the maximum temperature where self -pulsation is 
achieved in the self-pulsation type semiconductor laser of Fig. 1. 
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Figs. 5-9 are schematic cross sectional views of self -pulsation type 
semiconductor lasers according to second through sixth embodiments, 
respectively, of the present invention. 

Fig. 10 is a schematic cross sectional view of a self -pulsation type 
5 semiconductor laser according to a ninth embodiment of the present 
invention. 

Figs. 11 and 12 are schematic cross sectional views of self -pulsation 
type semiconductor lasers according to first and second conventional 
examples, respectively. 
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

Fig. 1 shows in a schematic cross section an ALGalnP-based 
semiconductor laser according to the first embodiment of the present 
invention. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 

15 layer 2, an SCH(Separation Confinement Heterostructure)-MQW (multi- 
quantum well) active layer 3 of undoped GalnP/AlGalnP, a p type 
(Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 
and a p type GaAs contact layer 6 are stacked successively on an n type 
GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 

20 MQW including GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) 
alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
InP guide layers (50 nm thick each). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 

25 4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of undoped GalnP, on an n 
30 type (Alo.50Gao.50) InP layer 8 having a refractive index greater than that of 
second clad layer 4. A current blocking layer 9 of an n type GaAs layer is 
formed on saturable absorption layer 7. Provided on the embedding layer 
and on the p type contact layer is a p-side electrode 10 formed of 
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Au/Mo/AuZn. An n-side electrode 11 of Au/Mo/Ni/AuGe is provided on the 
backside of substrate 1. 

A method for forming the semiconductor laser of Fig. 1 is shown by 
way of example in Figs. 2A-2C in schematic cross sections. 
5 Firstly, as shown in Fig. 2A, molecular beam epitaxy (MBE) is 

employed to grow n type first clad layer 2, active layer 3, p type second clad 
layer 4, p type intermediate layer 5, and p type contact layer 6 on substrate 
1. 

Next, as shown in Fig. 2B, photolithography and etching are 

10 employed to selectively remove portions of p type contact layer 6, p type 

intermediate layer 5 and p type second clad layer 4 which do not constitute 
the striped ridge structure 4a. 

Thereafter, as shown in Fig. 2C, MBE is employed again to 
successively grow (restart of crystal growth) n type AlGalnP layer 8, 

15 saturable absorption layer 7, and n type GaAs layer 9. Lastly, an 

unnecessary region grown on top of ridge portion 4a is removed by selective 
etching, and then the p-side and n-side electrodes are formed. 

Saturable absorption layer 7 is formed of a semiconductor having 
such a bandgap that it absorbs laser light and generates excited carriers. 

20 On the other hand, AlGalnP layer 8 is formed of a semiconductor layer 

having a bandgap greater than that of saturable absorption layer 7 and not 
absorbing laser light. AlGalnP layer 8 is indispensable for preventing the 
excited carriers generated within saturable absorption layer 7 from 
recombining and being lost at the non-radiative recombination centers 

25 (interface traps) on the restart plane of crystal growth. In the first 

embodiment, AlGalnP layer 8 having a refractive index greater than that of 
second clad layer 4 also functions to spread the laser light toward saturable 
absorption layer 7. As a result, light intensity in saturable absorption layer 
7 increases, which promotes self -pulsation of the semiconductor laser. 

30 The graph of Fig. 3 shows results of measurement of the maximum 

temperature at which self -pulsation is achieved with an optical output of 5 
mW, with the Al composition ratio of AlGalnP layer 8 being changed, in the 
semiconductor laser of the first embodiment. The thickness of AlGalnP 
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layer 8 was set to 0.01 nm. It is seen from the graph that the temperature 
at which the self -pulsation occurs is improved in the region where the 
refractive index of AlGalnP layer 8 is greater, i.e., in the region where the Al 
composition ratio is smaller than 0.65 which corresponds to the Al 
5 composition ratio of the second clad layer. In that composition region, the 
self-pulsation operation is achieved even at a temperature higher than 70°C. 

The graph of Fig. 4 shows results of measurement of the maximum 
temperature at which self -pulsation is achieved with an optical output of 5 
mW, with the thickness of AlGalnP layer 8 being changed, in the 

10 semiconductor laser of the first embodiment. The Al composition ratio of 

AlGalnP layer 8 was set to 0.50. As AlGalnP layer 8 becomes thinner than 
0.005 nm, the influence of the restart plane of crystal growth becomes 
apparent, which makes the carriers difficult to accumulate in saturable 
absorption region 7, so that the self -pulsation is less likely to occur. 

15 (Second Embodiment) 

An AlGalnP -based semiconductor laser according to the second 
embodiment of the present invention is shown in Fig. 5 in a schematic cross 
section. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 
layer 2, an SCH-MQW active layer 3 of undoped GalnP/AlGalnP, a p type 

20 (Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 
and a p type GaAs contact layer 6 are stacked successively on an n type 
GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 
MQW including GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) 

25 alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
InP guide layers (50 nm thick each). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 
4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 

30 side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of undoped GalnP, which is 
sandwiched between an n type (Alo.50Gao.50) InP layer 8 on its ridge side and 

-8- 



an n type (Alo.75Gao.25) InP layer 8b on the opposite side thereby forming a 
double-hetero structure. While n type (Alo.50Gao.50) InP layer 8 has a 
refractive index greater than that of second clad layer 4, n type (Alo.75Gao.25) 
InP layer 8b has a refractive index smaller than that of second clad layer 4. 
5 A current blocking layer 9 of an n type GaAs layer is formed on n type 

(Alo.75Gao.25) InP layer 8b. Provided on the embedding layer and on the p 
type contact layer is a p-side electrode 10 of Au/Mo/AuZn. An n-side 
electrode 11 of Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

The second embodiment differs from the first embodiment in that 
10 the double-hetero structure is achieved by providing semiconductor layer 8b 
having a bandgap greater than that of saturable absorption layer 7 on the 
opposite side of saturable absorption layer 7 as seen from the ridge portion. 
This can suppress diffusion of the carriers generated by light absorption in 
saturable absorption layer 7, so that the carriers can be accumulated 
15 efficiently in saturable absorption layer 7. 

Since saturable absorption layer 7 itself is a region absorptive to 
laser light, it is preferable that the layer is formed as thin as possible. In 
the second embodiment, saturable absorption layer 7 can be made thin by 
making it efficiently accumulate the carriers, and then the threshold current 
20 can be lowered, as compared with in the case of the first embodiment. 

Although saturable absorption layer 7 has a single-layer structure in 
the second embodiment, it may be formed with an MQW structure. 

(Third Embodiment) 

An AlGalnP -based semiconductor laser according to the third 
25 embodiment of the present invention is shown in Fig. 6 in a schematic cross 
section. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 
layer 2, an SCH-MQW active layer 3 of undoped GalnP/AlGalnP, a p type 
(Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 
and a p type GaAs contact layer 6 are stacked successively on an n type 
30 GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 
MQW including GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) 
alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
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InP guide layers (50 nm thick each). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 
4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
5 side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of an MQW structure of 
GaInP/(Alo.65Gao.35) InP, on an n type (Alo.65Gao.35) InP layer 8 having the 
same semiconductor composition as that of p type second clad layer 4. A 
10 current blocking layer 9 of an n type GaAs layer is formed on saturable 
absorption layer 7. Provided on the embedding layer and on the p type 
contact layer is a p-side electrode 10 of Au/Mo/AuZn. An n-side electrode 1 1 
of Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

In the case of the third embodiment, since p type clad layer 4 and n 
15 type AlGalnP layer 8 in the embedding layer have the same semiconductor 
composition, it is possible to share the setting of the semiconductor 
composition during crystal growth, enabling simpler growth of the layers. 

(Fourth Embodiment) 

An AlGalnP-based semiconductor laser according to the fourth 
20 embodiment of the present invention is shown in Fig. 7 in a schematic cross 
section. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 
layer 2, an SCH-MQW active layer 3 of undoped GalnP/AlGalnP, a p type 
(Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 
and a p type GaAs contact layer 6 are stacked successively on an n type 
25 GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 
MQW including GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) 
alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
InP guide layers (50 nm thick each). 
30 Second clad layer 4 has a striped ridge portion 4a, and flat portions 

4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
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layer 4. 

Saturable absorption layer 7 is formed of undoped GalnP, which is 
sandwiched between an n type (Alo.50Gao.50) InP layer 8 on its ridge side and 
an n type (Alo.75Gao.25) InP layer 8b on the opposite side thereby forming a 
5 double-hetero structure. While n type (Alo.50Gao.50) InP layer 8 has a 

refractive index greater than that of second clad layer 4, n type (Alo.75Gao.25) 
InP layer 8b has a refractive index smaller than that of second clad layer 4. 
A current blocking layer 9b of an n type AllnP layer is formed on n type 
(Alo.75Gao.25) InP layer 8b. Provided on the embedding layer and on the p 

10 type contact layer is a p-side electrode 10 formed of Au/Mo/AuZn. An n-side 
electrode 11 of Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

The fourth embodiment differs from the first through third 
embodiments in that n type (Alo.75Gao.25) InP layer 8b having a small 
refractive index and not absorbing laser light is used on the opposite side of 

15 saturable absorption layer 7 as seen from the ridge portion. In the first 

through third embodiments, GaAs layer 9 absorptive to laser light has been 
provided on saturable absorption layer 7, in which case the threshold 
current tends to become large due to the' absorption loss and there is a 
possibility of degrading the luminous efficiency. In the fourth embodiment, 

20 on the other hand, a so-called effective refractive index guide structure 

suffering less absorption loss is obtained, so that it is possible to lower the 
threshold current and improve the luminous efficiency and reduce the 
operating current, as compared with the first through third embodiments. 
(Fifth Embodiment) 

25 An AlGalnP-based semiconductor laser according to the fifth 

embodiment of the present invention is shown in Fig. 8 in a schematic cross 
section. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 
layer 2, an SCH-MQW active layer 3 of undoped GalnP/AlGalnP, a p type 
(Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 

30 and a p type GaAs contact layer 6 are stacked successively on an n type 
GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 
MQW including of GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) 
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alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
InP guide layers (50 nm thick each). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 
4b on both sides of the ridge portion are thinner than the ridge portion. An 
5 embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of n type GaAs, on an n type 
Alo.4Gao.6As layer 8b having a refractive index greater than that of second 
10 clad layer 4. A current blocking layer 9 of an n type GaAs layer is formed 
on saturable absorption layer 7. Provided on the embedding layer and on 
the p type contact layer is a p-side electrode 10 formed of Au/Mo/AuZn. An 
n-side electrode 11 of Au/Mo/Ni/AuGe is provided on the backside of 
substrate 1. 

15 The AlGalnP-based semiconductor laser of the fifth embodiment 

differs from those of the first through fourth embodiments in that saturable 
absorption layer 7 is formed of GaAs. When GaAs used for saturable 
absorption layer 7 in the fifth embodiment is compared with GalnP used for 
saturable absorption layer 7 in the first through fourth embodiments, GaAs 

20 exhibits a greater change in absorption coefficient depending on the amount 
of carriers generated by photo excitation, and it can cause saturable 
absorption more efficiently. As a result, the use of GaAs for saturable 
absorption layer 7 enables the self-pulsation operation at a higher 
temperature or with a higher output as compared with in the case of using 

25 GalnP. 

(Sixth Embodiment) 

An AlGalnP -based semiconductor laser according to the sixth 
embodiment of the present invention is shown in Fig. 9 in a schematic cross 
section. In this semiconductor laser, an n type (Alo.65Gao.35) InP first clad 
30 layer 2, an SCH-MQW active layer 3 of undoped GalnP/AlGalnP, a p type 
(Alo.65Gao.35) InP second clad layer 4, a p type GalnP intermediate layer 5, 
and a p type GaAs contact layer 6 are stacked successively on an n type 
GaAs substrate 1. SCH-MQW active layer 3 has a structure in which an 
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MQW including GalnP quantum well layers (four layers, 5 nm thick each) 
and (Alo.50Gao.50) InP barrier layers (three layers, 5 nm thick each) ; 
alternately stacked one on another is sandwiched between two (Alo.50Gao.50) 
InP guide layers (50 nm thick each). 
5 Second clad layer 4 has a striped ridge portion 4a, and flat portions 

4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

10 Saturable absorption layer 7 is formed of an MQW structure of n 

type GaAs/Alo.4Gao.6As, on an n type Alo.4Gao.6As layer 8 having a refractive 
index greater than that of second clad layer 4. The embedding layer is also 
formed in the ridge stripe shape, on which an insulating film 12 of Si02 is 
formed. A p-side electrode 10 of Au/Mo/AuZn is provided on p type contact 

15 layer 6 and on Si02 insulating film 12. An n-side electrode 1 1 of 
Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

The semiconductor laser of the sixth embodiment has a so-called air 
ridge structure wherein the embedding layer including saturable absorption 
layer 7 has the ridge shape, which causes an effective refractive index guide. 

20 Thus, it is possible to further lower the threshold current and improve the 
luminous efficiency and reduce the operating current, as compared to the 
fifth embodiment. 

(Seventh Embodiment) 

An AlGalnP -based semiconductor laser according to the seventh 
25 embodiment of the present invention is similar to the semiconductor laser 
shown in Fig. 9, except that the guide layers sandwiching the MQW light- 
emitting layer are different in thickness from each other. Specifically, an n 
type (Alo.65Gao.35) InP first clad layer 2, an SCH-MQW active layer 3 of 
undoped GalnP/AlGalnP, a p type (Alo.65Gao.35) InP second clad layer 4, a p 
30 type GalnP intermediate layer 5, and a p type GaAs contact layer 6 are 
stacked successively on an n type GaAs substrate 1. SCH-MQW active 
layer 3 has a structure in which an MQW structure including GalnP 
quantum well layers (four layers, 5 nm thick each) and (Alo.50Gao.50) InP 



- 13 - 



barrier layers (three layers, 5 nm thick each) alternately stacked one on 
another is sandwiched between a p-side (Alo.50Gao.50) InP guide layer (of a 
thickness of 100 nm) and an n-side (Alo.50Gao.50) InP guide layer (of a 
thickness of 20 nm). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 
4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of an MQW structure of n 
type GaAs/Alo.4Gao.6As, on an n type Alo.4Gao.6As layer 8 having a refractive 
index greater than that of second clad layer 4. The embedding layer is also 
formed in the ridge stripe shape, and a Si02 insulating film 12 is formed 
thereon. Provided on p type contact layer 6 and Si02 insulating film 12 is a 
p-side electrode 10 formed of Au/Mo/AuZn. An n-side electrode 11 of 
Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

In the seventh embodiment, the guide layers sandwiching the MQW 
light-emitting layer are made asymmetrical in thickness with respect to 
each other, to spread light toward the p side where saturable absorption 
layer 7 exists. As a result, the light intensity in saturable absorption layer 
7 increases in the seventh embodiment, and thus it is possible to cause self- 
pulsation more effectively than in the sixth embodiment. 

(Eighth Embodiment) 

An AlGalnP-based semiconductor laser according to the eighth 
embodiment of the present invention is similar to the semiconductor laser 
shown in Fig. 9, except that the clad layers sandwiching the MQW active 
layer have composition ratios different from each other. Specifically, an n 
type (Alo.70Gao.30) InP first clad layer 2, an SCH-MQW active layer 3 of 
undoped GalnP/AlGalnP, a p type (Alo.eoGao.4o) InP second clad layer 4, a p 
type GalnP intermediate layer 5, and a p type GaAs contact layer 6 are 
stacked successively on an n type GaAs substrate 1. SCH-MQW active 
layer 3 has a structure in which an MQW structure including GalnP 
quantum well layers (four layers, 5 nm thick each) and (Alo.50Gao.50) InP 
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barrier layers (three layers, 5 nm thick each) alternately stacked one on 
another is sandwiched between two (Alo.50Gao.50) InP guide layers (50 nm = 
thick each). 

Second clad layer 4 has a striped ridge portion 4a, and flat portions 
5 4b on both sides of the ridge portion are thinner than the ridge portion. An 
embedding layer including a saturable absorption layer 7 is formed on either 
side surface of ridge portion 4a and on either flat portion 4b of p type clad 
layer 4. 

Saturable absorption layer 7 is formed of an MQW structure of n 

10 type GaAs/Alo.4Gao.6As, on an n type Alo.4Gao.6As layer 8 having a refractive 
index greater than that of second clad layer 4. The embedding layer is also 
formed in the ridge stripe shape, and a SiC>2 insulating film 12 is formed 
thereon. Provided on p type contact layer 6 and Si02 insulating film 12 is a 
p-side electrode 10 formed of Au/Mo/AuZn. An n-side electrode 11 of 

15 Au/Mo/Ni/AuGe is provided on the backside of substrate 1. 

In the eighth embodiment, two clad layers 2 and 4 sandwiching 
MQW active layer 3 are made asymmetrical in semiconductor composition 
ratio with respect to each other. That is, the refractive index of second clad 
layer 4 is made greater than that of first clad layer 2, to spread light toward 

20 the p side where saturable absorption layer 7 exists. As a result, the light 
intensity in saturable absorption layer 7 increases in the eighth embodiment, 
and thus it is possible to cause self -pulsation more effectively than in the 
sixth embodiment. 

(Ninth Embodiment) 

25 An AlGalnP/AlGaAs-based two-wavelength semiconductor laser 

according to the ninth embodiment of the present invention is shown in Fig. 
10 in a schematic cross section. This semiconductor laser includes a first 
ridge portion 4c where an n type (Alo.65Gao.35) InP first clad layer 2, an SCH- 
MQW active layer 3 of un doped GalnP/AlGalnP, a p type (Alo.65Gao.35) InP 

30 second clad layer 4, a p type GalnP intermediate layer 5, and a p type GaAs 
contact layer 6 are stacked successively on an n type GaAs substrate 1. 
SCH-MQW active layer 3 has a structure in which an MQW structure 
including GalnP quantum well layers (four layers, 5 nm thick each) and 
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(Alo.5oGao.5o) InP barrier layers (three layers, 5 nm thick each) alternately 
stacked one on another is sandwiched between two (Alo.50Gao.50) InP guide 
layers (50 nm thick each). 

The semiconductor laser further includes a second ridge portion 4d 
5 where an n type Alo.45Gao.55As first clad layer 2aa, an SCH-MQW active layer 
3aa of undoped GaAs/AlGaAs, a p type (Alo.e5Gao.35) InP second clad layer 
4aa, and a p type GaAs contact layer 6 are stacked successively on the same 
n type GaAs substrate 1. SCH-MQW active layer 3aa has a structure in 
which an MQW including GaAs quantum well layers (four layers, 5 nm thick 

10 each) and Alo.45Gao.55As barrier layers (three layers, 5 nm thick each) 

alternately stacked one on another is sandwiched between two Alo.isGao.ssAs 
guide layers (50 nm thick each). 

Two ridge portions 4c and 4d are processed into ridge stripe shapes 
after formation of a common embedding layer including a saturable 

15 absorption layer 7. An insulating film 12 of SiC>2 is formed on the common 
embedding layer. A p-side electrode 10 of Au/Mo/AuZn is provided on p 
type contact layer 6 and SiCh insulating film 12. An n-side electrode 11 of 
Au/Mo/Ni/AuGe is formed on the backside of substrate 1. Saturable 
absorption layer 7 is formed of an MQW structure of n type 

20 GaAs/Alo.4Gao.6As, on an n type Alo.4Gao.6As layer 8 having a refractive index 
greater than that of the second clad layer. 

In the semiconductor laser of the ninth embodiment, red laser light 
of a wavelength band of about 650 nm can be emitted from active layer 3 
beneath ridge portion 4c, and infrared laser light of a wavelength band of 

25 about 780 nm can be emitted from active layer 3aa beneath ridge portion 4d. 
The self-pulsation operations are achieved in the both ridge portions by the 
function of saturable absorption layer 7 common to ridge portions 4c and 4d. 

As described above, according to the present invention, it is possible 
to provide a low-noise, self -pulsation type semiconductor laser capable of 

30 operating stably at a high temperature, in which the light intensity in the 
saturable absorption layer formed in the embedding layer can be increased, 
and the ellipticity of the beam cross section can be small preventing increase 
of the vertical radiation angle. 
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Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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